wo 2006/085537 PCT/JP2006/302092 

1 

. m ^ ^ 

[0002] ui^<D±>^^m\f^^^ticx^h^m^^^mvx^<Dii^<om^^tf\i&'r^u^ 

(D^WtLX^ ^ (beamformer) (If— ^^-^Cbeamforming) tt)!^^ 

Wt. iOllrLV ^glJoaWtb-CJi. :/7^:/Kft (BSS : Blind Signal Separatio 

[0003] lyy^^^vm^-^^m'] 

s 

. 1h<??#^Sr#-r [q = 1 , • • , M] „ kfifi^MO#-t^Sr:m-t" Ck= 1 , • • • , N] „ ) 
[0004] [|^1] 

xq(t)=i;zvwsk(t-o ••• 

k=lr=0 
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<*. 

(r).-,h (r),-".h (r).-,h {v)^^h'f\t..mM\t'^(.^y^^ 

. 11 IN Ml MN 

-^{f-^j hns) X (t) ,• • • .x^ (t) (D^t^h. mt^s^ (t) .• • • (t) tj:^n^*tu^j^-rs 

^^Htm-^/t) , • • • .y^ (t) ^5Rj?)^Cii:iv:fe5o 

[0005] [J^^^^^] 

X (t) (CL^<^MNfraiSt»7--y3i^Jj|(STFT: Short-Time Fourier Transform) ^ii 

q 

[0006] [M 

X,(f,T)= Z x,(T + r)g(r)e--'2'* ... (2) 

r=-L/2 

Sr^«)-5o ri^-Cftt^St^-Cfc«5f^0.f/L,-.f (L-l)/Ltlll«!C'fb$*i.XV^S(f 

s s 

[0007] imi 



r 

1 + cos 




>JC<!f Og(0) ^C/^^7-(D4'«j^O^|iic^ffiV^:5o ^(^#-8^. X^(f, r ) \mn\.^ r 

jgSj5traPg<^ T wi^tcx (f, T )^^fe6o 



■ 
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t 

[0008] CM 

Xq(f.T)=iHq^(f)Sk(f,r) ■■ (3) 

k 

[0009] [^5] 

X(f,T)=i;Hk(f)Sk(f,T) - (4) 
k=l 

i/j:S„^^-e.X(f,T)=[X (f.r).-.X {f.z)Y\^U-^m^^i^WKH if)<H {{), 

Mk 

. [*]''Ji[*]<^tea^i5^h/^^^^t"o 

y^^-f^-Hf MlZ:fife4>5)-W (ICA:Independent Component 

Analysis) i^X^m^^MH^h^o ^mCAKX^^mX}^. U^it'^^^h/l-Xif, 

Y(f,T)=W(OX(f.T) -(5) 

^^m-r-So r;i-e. ^mnnwif) ft. 5)-iim-^-<i^h/i-Y(f. z )=[y (f. r ) Y^(f. 

z )f<D^mm (^mm^-)Y (s. r ) .....y (f, z ) ^^c$l^^z:^->^esJ;5t^#m$t^ 

1 N 

[0010] iCAX-fi{t-i-<^Miiitt{-* @ b-C:5>8l^ff #6>tvS:9-M#Y (f. t ) ..... 

Y (f, T ) i^fi. m^(^BMm^^^<. m^(om^i>^At\Mt>oxhtivh(Dm±{^ 

N 

«:<!fefctvS;a^bX-fcSo C«)|ilBJ^<^^Ett«>^Mfi. /^-53.-r-^>'3>' (permutation 

u-c. ^o/^-5a7^-i/3>'©Ppm«. i^mif ^s^(f, T )t-*fji&-r5^ii<t-^Y^(f 
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[0011]. 

i-<5^F^J^«^^i^M (f, T )^Srit^b. 

k 

Y (f, t)=M (f,T)X .(f, t) 

k . k 0 

[0013] [M 

XgCf.T) 
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i^hf\-W-&fV5ia^<DW.^M^:^\^ (Direction of Arrival : DOA) 



[0014] [^7] 



0(f ,t) = cos 



-1 0(f,T)-C 

Infd 



(9) 



k 12 



. 0 "^^^^ 

N 



[0015] mg\ 



M^(f,T) = { 



1 er-A<0(f.r)<0r-HA^j^^j_j^ 
0 otherwise 



[0016] [M 



a(f,T) = 



Xa(f,r) 



XQ(f.T) 



: B. D. Van Veen and K. M. Buckley, 'Beamforming: a versatile approa 
ch to spacial {atering," IEEE ASSP Magazine, pp. 4-24, April 1988 
^#fF:S:S(i2:S. Haykin, eds, 'Unsupervised Adaptive Filtering," John-Wiley & Son 
s, 2000, ISBN 0-471-29412-8 

#^#fF:S:ife3 : S. Araki, S. Makino, A. Blin, R. Mukai, and H. Sawada, 'Underdeterm 
ined blind separation for speech in real environments with sparseness and ICA," in P 
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roc. ICASSP 2004, vol. Ill, May 2004, pp. 881-884 

#^#tf:StS^4:A. Hyvarinen and J. Karhunen and E. Oja, "Independent Component 
Analysis," John WUey & Sons, 2001, ISBN 0-471-40540 

f^WWfX'^^ : R. Mukai, H. Sawada, S. Araki and S. Makino, 'Frequency Domain Bli 
nd Source Separation using Small and Large Spacing Sensor Pairs," in Proc. of ISCA 
S 2004, vol. V, pp. 1-4, May 2004. 

#^^fF:SCgfe6:R. O. Duda,.P. E. Hart, and D. G. Stork, Pattern Classification, WUe 
y Interscience, 2nd edition, 2000 
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■ • « 

5feW^cffiv^s/j^i:^ igg-a-t^i^lcx^-rSiti^S^^fe^i-SipnSo ^h\z.^ :L<D^mx 

yp^^^m^^xm-^^Mfikm^noo 
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[0023] *fc. :^^m t-*5v ^-c^!f lEMitm^. m2iEM^blfl5-eiE^'ft:$nfc#il 
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o 



^^K^-r^iE^^t{i. ^J^-^i^h/l^A (f) (p = l. .... N. Nit.m^M(Dm ff^^^^fi^ 

p ■ 

(f) (q=i. .... M. Mtiii-a-ffi-^^maat-s-fe^i^o^) ic^b. 

[0026] [#[10] 



qp 



Aqp'(f)=|Aqp(f)|exp 



. arg[A,p(f)/AQp(f)] 
4fc-M 



(10) 
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[0028], $bi-*fc. mi<D:^^miz}o\^xmt.L<n. ^mm^<D:^:^^^~y i^mm-^ 

[0029] ^yp^^<D^m'k1^^tir^:itX\ ±i^'^Kj5^^m^^ @ 6*jW^i:L-C^®#it. 

^<ox^t£ g mm^^t^^mm^^mum^-ti.xmxj'mi-^ti^^xt^o tcon 

a 

iMca£v ^'fi^^^<^^llm^tci£v ^^f{=-CJEm'^k^5-et, mmmt'^'f^^t<Dmmi^ 

[0030] L;&^b. :$>il=fT^J^U^:J>ilfi^OiLm^H!feS:fS^5^*f (ICArlndependent Compo 

nent Analysis) xmm^. u±a)mm\^xox^±immx^mmm^(Dmi^ 
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iJ'h/V'W't'^tL. R(f)=<X(f, T ) -xCf. z )"> i:bfc#^(c*3lt^v(£)=R(D"'''-efcS 
/;VJ^^ II * II i:L^c^-^fc*5tt<5 0 (f. t )=cos-'(|b"(D -zCf. t )!/' II B(f) || • II Z 

(f, r ) II ) <D^%\M. f^m6if.x) ^nmu a.g, e ^^mwcti^fcm^kidi^^ 
u-jpc^y^^^ymmAi e (f. z))=ay(.ue'-""'"'-''''')^mmm&m-^:^^t\.xn 
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p 

f) (p«i»)o#simA (f) (q=i, .... M. Mitm^m'^^WMir^^^^^'D 

[0034] [1^11] 



Aqp'(f)=|Aqp(f)|exp 



. arg[Aqp(f)/AQp(f)] 
^ 4fc-'d 



(11) 



[0035] *fc$e>i-^ ±x&<^^(i 1) o^^dfi. mm-^>-^Qtm<D±:^-^t(Dmi^^d^ 

xh^^tiim^vw i^7^>y:^i/o)ft^;6s— i8s6<j{cin]±i-5d^b-e*)5o r<Di^ 
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I 

* tea 

fi. ^-a-if -^^iJ'b/vo^s^x (f. r ) (q=i M. wtm^m^^mmt^'^ 

Q 

[0038] [^12] 



X '{f,r)=|X„(f,T)|exp 



. arg[Xq(f,T)/XQ(f.T)] 
' 4fc-'d 



(12) 



[0039] *^c:. ±iE(D^(i2)olimd{±. ^^x (f. t ) ^c*^;&-r^•iri^f-i:m<z)-fe^^1^i; 

max 
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mmm^i!)^hnhnfcmn^^m^^^^&i)\^\^\^xis^^m^n^::-tii^^^^ 

^{fcii^>MXh^tctL-Xh)o 

mz'mz\t. mi(DMM(o^Wiz.i6n^m'^i^muw(D-:ru-y^m<Dm^xh^o 

[ia4]|g4A}i. ia3{c*3(tS^-«— ^^x— v'3:/Pp1M^i^lf|5t^P^*B^«aj;^b:/t:fi3y:J' 

mxh^o ia4Bn. m4A<Dm&.^^v/v^m\:.U(Dnu^^\^\^tz.-:^^y^mx^ 

[|2l5]05(i.||l(^^ife<D?^ffi{-*5ft6{t^^>il^S<^«!ia<^^«^«ria9gt-S^c 

[136] 0 614 . ^ 1 (D ^iSo?^^(OiE^>f k*[tS<^#^^iaMi-S/ci?> (oyu-^-r- 

[^7]^7Ai4. d y^2^dXh^m^i^i^i^^. y<y;^-^dm(DJEmtmm^^Wl- 

max 

05il^A "(Di:^<Z>ig:^argCA "(f)]i:0il#^^igi-5/c«)0=S^¥-®ia-efc§ 

qp OP 
max taax 
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So 

mftz 

qp qp 

max q 
p qp 

[ia 1 ijni 1 1 ft. m2(Dmm(DMmKisiir:bit'^'^mmm<Diiim<D±w^WLm -rs 

fcSo laiTBii. |ai7A(CioltS^iic-<i!'h/l'i!'7;^^y>i5^SJ<^l¥*fl^fife^««J*bfc 

[0 18]ia iSAfl, ig i6i::*5{t5NF^^S[^-^^=^i^:/lfP<^pjBB«^^«aj*b:rc>^o 
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■i-t^^Jj?'<i5'h/H"'5V(f)-H (f), V(f)-H (f) dS^k#i--5w<h^lr^Ufcll|T-fe^o 

2 3 

[ia25]ia25fi.^4<Z)^ji£(D?^^i;i*5itsm^:9-fiig»<^^»='y^ig<D^J*-efc^ 

o 

[^26]ia26(i. ^4<Z)^J£(^fl^Si;i*5it^{t-^^lli^«<^*itS^I5^5at-^^cJ?)<D7 
[ia27]|ll27{i. ^50||Jfe(D?^«l^*3{t5ft^:»-|ll^e<^:/l3y^ia<^^J^i^-Cfc^ 

o 

[ia28]ia28A«:. m27izion^mmmtiiWc^^^>^U(DmMm^^^-r^^yi^ 

mxh^o ia28Bli. ia28AO'^;^i5'^figla50PSB«fifeSr^-r:^n5/:J'ig-CfoS„ 
[ia30]|g3OA{4. S29{zi*5{t:5;^7'5/:/S1710f^JNaiSrtji§^i"'5fc«)W7i3— '^^r 

— h-efo-5o laaoBtt. m29icion^:^T^yifsi72<Dmm^m.mir^t^ii>(D^vi— 



wo 2006/085537 PCT/JP2006/302092 

17 

* 

o 

[ia353ia35A{i< |ll34l;i^Lfc^xyyS202«^S»P^.^IJi§^-r^f-«i)<^:7a 
— h-efe5o ^35B{4. |2|34{J:^Lfc^xy7'S203<^*n.S<Z)#*W^lft?gi"-5 

[ia36]036(i. 034iC^L/c^-r5'yS2O5(O^a(D|^*ia^^W-rSfcfeO:7i3— 

max 

X" (f, X )(Dmmx " (f, T ) ^(DUMar^x " (f. r )]i:<Dii#^ia§g-ra;rcfe(^^ 

q Q 

^Wmt-feS^ ia37B«, d /2<d<d O^t^iottS. ^-^^P*— ^d§0//l' 

mas max 

AJEM'^li^^5'^^^X" (f. x ) (^M^X " (f, x ) ^O^^argCX " (f. x )kc^M#^ 

q q 

[ia38]ia38A{*. d=d (T^^-g-l^^Sit-S. ^^9^— i^d^tD/yVi^jE^-fb^^h/^X" 

max 

(f. T )(^^^X "(f. x)t. ^(Dm'^arglX "(f. r )]i:(^M#^^5g-r6/cfeom^ 
5pg^-e$>So laSSBtt. d>d <D#-^lC*3ltS. ^dS(^y/V-ME^>(b^ 

max 

iJ'hyVX" (f. X )<DmmX " (f. X ^(DUfharglX "(f, t )1t<Dm^^^mir^fcl!l> 

q • . q 

[^39]ia39A{i. f^6(DmM<Dmm^j;:^'^u^MM^^^^^\^fcmx»>^o ms 
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[0042] 1. 10. 200, 1001, 1200, 1300, 2001 it^:^|ltigg 

[0043] ^T. :^mm<Dmm(omm^mmi:^mvxnm'r^o 

mm, ^|iPJ(^ma?r#x.fdt-^5>llt^«i<^«ll6«^Sr«aj^bfc:/n5/iJ^^-C 

Lrxmmmm^^w^(D^mm<Dmnt:iEmitir^mijEmitmeit.mijEmit 
[0044] m^^mmmii^i^oxm^-^m^m^mm^. *-f . im(D±>-^xmM^ti 
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I 

'm2\Z.li^\7Ti'^^Xd\^. ;i(D0iJ(D{t-^:9-il^glO{i. CPU (Central Processing Uni 
t) 10a. A;'3iaJ10b. m:flU\Oc. ^iKj|Elt^«10f. RAM (Random Access Memo 
ry) lOd. ROM (Read Only Memory) 10e^tJ^/'^;^10g^WLTV ^^So 

Ofj4> ^Jx.tf^ Kx^:^:J^. MO (Magneto-Optical disc) . ^^{^P*-=E-y^"C$>9. 

ytI^^i^^J^lOfa&^/•fe:/i^•cmay$4^fc^P^fgi;^<^m-a•^t.-^#<^#a7'-i5' 

i!)mf^^My^-^mi^lOfb^mi^X\^?>o *fc. RAMlOdJ*. SRAM (S 

tatic Random Access Memory) » DRAM (Dynamic Random Access Memory) ^"Cfo 

oa. A;(3giiiob. m:bmoc. mmmmmmou iiAMiods.t/ROMioe^aft 

[0050] <y^—V^zrLrty^h^^Tt(DW,Wi> 

rCD^?!lC0CPU10a{:ivSc^)i*tb:/tOS (Operating System) :/a^7AtJ:tt§V ffl 

«J^1t^el0f<?>^f-^:9■^ll:^^3^5^7i^^^l0fa^c^^^t^XV^5^t■^5>SI:/tI^7 

A^Sr, RAM10d(Dft^5>[lt7'n^^7A^^10datJ:##jitfo l^#t-CPU10a{4. 

ffifttBttiS«lOfcD7^-^?^^10fb^^:^&i^ft$i^XV^-5l^P^^^oM-^^t^^^^# 

g^—^^RAMlOdOT*— ^'WlOdblCl^tiitfo ^hK. CPUlOafi. ^Oft 
^^ilT'n^yi^^^ax— i?d5g#3i*tvfcRAM10d±©rKw^^Wv^;^^10 

actCi^i^-rSo ^rbX. CPU10a<^©J®g|510aaf:i, ^i^^^lOac^C:^^$^^y5lw^^ 
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■ 

>'^M«l^lfBi40(i. ie^f^J^miflsi4i(r^g^^^hyv^fiKgRjlc*ffrO. SJ^^iJ' 

wvjE^>fi:^i42(rjE^a'fbgpj(-*r^S). i5^7;^i5'y>'^^i43. )iii^j»mia5i44S.t;^ 

M0#X.laJ145^WLX*5|9, SJ[ic-<i5'h/ViEm'ft:la5142li. j^JgiClE^'fb^l42a 
^^;^//^A:E^^b^a5142b^WbTV^So *^c. m&^lEmit^l42ati. miUBU 
itUl42aatm21Emihm42aht^mi^X\/^^o ^hi^. mMnOii—^P^^Vl 

« 

[0053] <*Q!S> 
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Q 

(?3l^5^^J<?3{t-^(rjiiS^^^(OM'a{B^J tiq^^)X (f, T ) (q=l,....M) tC^^U ^ 

[0055] i^fmfmn.mmso<Dmim} 

(Dm^it'^x (f, T )^»E^w-ro ^^fei£^i^®^ii'a•^t■^x (f. x )^m^muc6^ 

gtff^JitmSRi30ii. CL*Lb;6^^^.e5ia-a'it-^^i5^b/^x(f. T )=[X^(f, T ).....X^(f. 
T )]''^^v\ aitfife:»-^<ff (ICA) fcio-C, J^igfc^{cMl<^5>iltf ^Jw(f) 
il{t-^-<i5rWVY(f. r )=[Y (f. T ) Y^(f. T )]'^i:Sr^ffi-rSo -^rb-C. ^W^tvfcM 

[0056] :i;i-c. ^Mnm»mmso\z)a\ ^x^m^ntcmi(Dj^mnmw (o 

^-C. ^l(^5)-gttT^JW (f) ^lllgi^(^^3ttt^^^byt^2<7)5>|||ffl-^W' (f) {J: 

W (f) Sr^J^ tub. ^<r>J^—T • (Moore-Penrose) M—Wtit^^^i^* (0 =[ 

A (f).....A (f)](M=N<^^ttiS»tT^JW''(f){---i6c)^tf'StU^ti.^Sr«l^i-€)SJ£ 

1 N 

-^^iJ'WwA (f)=[A (f) A (f)]^(p=i.....N)^^^yiooo|Sti^^i04t::#&«>ii-5 

p Ip Mp 
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i5^h/i^A (f) (p=i N. f=o,f/L,-,f (L-1) /D^^^WU :Li\.h^iEmAt\^tcjEm 

p . s s 

P 

o ''di^J. «lic-<i^h/VjEm'fb^l42{*. ±X<Dm&^^W^A (0 (p=l,....N. M),f /L. 

P . » 

-.f (L-i)/L)^jE^>ft:U ^ti.b^SrJ^ig?i6c«#-arT. ■fB^Mtoi£«(^^lcfe# 

8 

p 

k 

k k . k . 

[0059] [^13] 

Uk=lA,"(f)ecJ|Av"(f)-Tlkf 

^ k k 

[0060] [^14] 
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i:A."(f)ec,Av"(f)/ic,i 



Z A V "(OeCit ^ V " (f ) / 1 

k k * 

p 

fcii)OM^J n ({1 .2, • • • ,N}i&>b{l .2,- • • .N}--o^^l^ JiSic) Sr^ JK^f fef-»mu. 



[0061] [^15] 



(13) 



Df = argminn Zk=i||nk " An(k)"(f )|1 " 

° . n(k) * 

iJ'WvA " (f) ti. n tcio-ck^ij i <D^mtm^^^Y/\^K' ^''•^^o 

nOO f * 

wo) (-Mb-C 



[0062] [^16] 



Zf=,lhk-An(k)"(f)f 

[iiig^jn^^^(Dj.^*c^?ai] 

a 12 3 
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[0063] [^1] 





A,' ' (f) 


A," (f) 


A," (f) 




0. 85 


0. 1 


0. 7 


n 2 


0. 9 


0. 6 


0. 2 


T) 3 


0. 15 


0. 8 


0. 95 



n :[l,2.3]^[2,3.1] 
f 

II 7, -A^^^;'(0 II =11 7, -A"(f) ir=o.r 

lu[-A]^"(f)ir=IU -A"(Dr=0.2 

lU - a' ;'(f) ir=ll ^ -A"(f) ir=o.i5 

3 Jt(3) 3 1 

[0064] [^17] 

ZLi|hk-An(k)"(.f)f 

f 

mm^ II n -A " (f) II ^^^fHmt1^^^" i()^Mm^fii^^^o\^mm^x^^^ 

k nOt) n(k) 

ro^^^^tLfcA " (0 te^^banc-^i^wv-A "(f) ^m-rmm^mnn t-r 

n(k) k t 

[0065] [WS^jn ^^fe(Z)A{4ttSj2] 

f 

i#^>hci>rK 7} t(r>^mD i X'h^M. n (1) = 2^Sr^^-f"5o ^bt. iem 

2 1 

[0066] [^2] 
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A,' ' (f) • 


A," (f) 


A," (f) 


V 1 








U 2 


0. 9 




0. 2 


r) 3 


0.15 




0. 95 



s 

r^^yioo(Diai«|M^iii{c*&i^-r;5(;^xy:^s7)o ^.^^s. 0i(O:5>gitT^jw(f) 

n(k) k 

^jn ^^c»Jr#:0yi. 2]o^. ||l<7)5>||ltt?IJW(f)(?52, 3. l=ffi^^ ^ix^ix 

f 

^20:5>iltTW (f)(^l, 2. 3ff S l-^'cC^o 

[0067] [^iitm-^^fi£^i5o©*as] 

q 

-c. ^mm-^^^mson. m&wmm<Dm^m^x (f. t ) d^?>nts^-^ft-^'<i5' 

' q 

W^X({. z )=[X (f, O.....X (f. r )]'^t^2c0^8t^T^JW' (f)i^S^fflV^, ^Mm^^^ 

1 M 
Y(f.T)=W'(f)-X(f.T) 

S)Y if, z )^p<^yiOOO|EtS^tttll2{C*&S^-r^(^7'y^S8)o 

[0068] im^ma^^^u 1 eoco^a] 

ft^ (c^F^-gJ^ ^^^1 60(C*5V ^T. p<^y lOO<^iBittSi^ 1 1 2*^b^^^ffl^ 
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MMit'^Y (f, z)^m^mu ^ti^m^^pm^iY (f, z )mi^)mmmmy-]) 

p p 

p 

[0069] i2i6tt. ^(DiEmwM<Dnm^wim-r^fc^(Dyvi-^^-h'Ch^o 

4oV^-C. p«^yi00(^|Bli:M*^107d^blfta£&«>^^7P«— ^d, c, QSr^^filb. —1^^ 

p flP 

[0070] [^18] 



Aqp'(f)=|Aqp(f)|exp 



. arg[A,p(f)/AQp(f)3 
^ 4fc''d 



(14) 



QP p <U> 

)^U-Cp<^yi00©tBlt^^l05JC*&jifti-5(>^7^S'7'S13)„ arg[-]f*ii:^^ 
/VA (f)©#3tOlo<73i?pgA (£)^S2P^:LX^^SJic-<^hyVA (f)0#^^A ( 

p Qp P 

[0071] [^19] 

Aqp"'(f)HAqp(f)|exp{j.arg[Aqp(f)/AQp(f)]} • (15) 

m^^:iEm.itm42a<om2jEmitUl42abiiK ^liE^^k^l42aa-ejE 

qp 

[0072] [1^20] . 
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Aqp'(f)=|Aqp'"(f)|exp 



.arg[A„ '"(f)] 



J 



3P 
4fc"*d 



(16) 



S15) . ^a&;^7"s/7'S13^M-t"« — q=MX'fen(^s m'MUiTOii. $bt;ip 
[0073] ^:i-Cp=N-e?i{ttt«. ©J1W$P1701J:*3VnT. p+ i<?5SllLjfemiSr«r^/i^-«7P«— 

^p<DmtU itV^-^^^yi71(C^iS^b(^Xy7'S17). ft!;aSr;^7^5/yS12-^ 

—^^cE-y 171 (c*&i^L (i^TyZ^S 18) . //VAjE^jl:SB142b{c43{tS^a<Sr0g^ 
-r^o *-f ^ 7/WAiE^'fblaS142b{CjoV^T. ^^yi00(Dffi1t^i^l05y&>e>J^J6l^ 
lEm^b^iJ'h/V'A '(i)<^#^^A '(f)€:^^tliU 

p qp 

[0074] [iC21] 



Ap'(f)|| = V25ii(Ap<,'(f))' - (17) 



p p 

M^t^^h/i^A ' if)Rx^^<Dy/pj>. II A ' (f) II Nf<?<^yi7ii;i*&i^-r2)(;^7^5'^ 

S19)o 

^ic, //wAiE^'fbiaJi42b{;i53v^r. — ^y^yi7i*^bJlig^E^'(b-<^h/i-A^ 
' (.ORxi^(Dy/uj>, II A ' (0 II ^^^Wb. 

p 

A" (f)=A'(D/||A'(f) II -(18) 

P P P 

p 

GiZ^m-t^ (;^xy7'S20) o 

[007.5] ^o^, ilJ^al^flJl7o^^::^3v^■t. — ^^^yi7ifj:*&iN'j^ti-fc^^7>'-^pi5p=N^ 

^fc-rd^;&^^^Jf^-r'5(^7^5':7'S2l)o rci-Cp-NT->S(m(i. ^J^^gpi70{4. p 

+ i(Dmn^^^Mtcf£^<y^—^p(Dmtu ^tv^-Np^^^y i7i(;ife^b(^7^5' 
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p, 

P 

[0076] \jEm^W&^^Vf^^" Wi^y^^^^^-t^M.^'\ 

SjS^^h/VA (f) (D^M^A (f) (i. Mft-tp{^*j-ft^-t"S^i-^Mk^^b-fe>'i^q^ 

P QP 

qk 

ivai{t-^pi:iri^ifQi:(c^j^;:i-S^^^-^;«/7(^igi^i<^ffi^iii:(i--S'^^^ 

[0077] . tt(5i<Z)J:9{-. JijK^M^bgPl42a<^^lE^'fblfB142aa«. SjS-^iS'WVA^Cf) 

Qp P <IP 

p qp 

^piS*-fe^-9-Q(SMQtC^J^?)^(;:mi-'5M^:J'h/l'A (f)©il^A (f) 

p vip 

-r^^^ti^MiifiOt^m^tvSo 'fi■^^!mt;i>^e)-fe>'•^^q^<^J^St^^^^S^^^f^•^ 

[0078] *fc. WxE<©J;^l-x m2iEM'(ka5142ab(i. miEjS>fl:glS142aaX'Em<b^tl.fc 

#M5^A (f)<^ii:^Sr^«IScflctt;0iJUfcffiX-e^»-rSo-n(-i«3x#^^Aj" 
(0*. ^:tLb0^i:^^^J^i6^^#^4^#I^Lfc#ll^A ' (f) lCjE^>fk-rSo Z.^ 

QP 
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qp P . 

P 

P 

[0080] [^22] 

Hak(f) = 3^expH27ifc-'(dqk-dQk)] •• (19) 

d icj;o-cift*?).iiM(d -d )/c^^.^m-fe>i^Q<^^mx♦JE^'^h$^vfcl«^^ 

qk qk Qk 

p 

k 

[0081] A(0=£ -hCO. a (D=£ -h (0 •••(20) 

p p k QP P QK 

^is:^^mmm^<DiiM\^^mm^x\^.^?>o ^ci-c% ^(le) (is) (i9) (2o)x^. 

[0082] m23] 
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. p . qp 

p 

1^ m-^(OWm^mmLrX\^ ^^l^ ^3£l^g^#^gl-^^7^/^-C^x/Wbb/c 



[0083] [^4] 



Hq^(f) = expH27ifc-l(d,^-dQk)] •• (22) 
^'S2>o ^(16) (18) (20) (22) J;«5. 



[0084] ims] 



Vm 



-^Qk) 



(23) 



p QP 



-a- 



[0085] ime] 



Hqk(f) = exp[-j2itfc-MlSEq-SEQ||cose„*'^] - (24) 
«^Sr*i-o ^(16) (18) (20) (24)<t<9, 



[0086] [^27] 



A^"(f) = 



1 



exp 



. 71 II SEq-SEQ||cos0k 

d 



qQ 



-'1 



(25) 
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P qp 

*fc.^(21);6*e>/^7^— iJ'd(^ffi(:3:.d>d /2-Cfc^:ii;6S^*L< (d fill 



max max 



Qp max 

max niax 

[0087]- |l|7S.t/l2l8{i. z-^^^— ^dfe(DiEB'fbSiiE'<^h/KDg^A " (f)i:^OiS:^arg[ 

qp 

qp 

inwr max 

. ■ttit^JqS.tBtlc^Ld -d (Z)«fe*j-iii:(id ^Xf^tfii^o j:o-Cd /2^d<D»^. 

qk . Qk max max 

(7t/2)-(d -d )/d^-7C, (7t/2)-(d -d )/d^7i:tf^«5#6„^<^i^;i:.^(2l) 

qk Qk qk Qk 

-C^^nSA "(f)<Dig:^^arg[A "(D]fi.2 7c<l:®;t5a ^arg[A "(f)]^a (a^ 

qp QP . 1 qp Z 1 

2 

<u> 

P 

max 

SiEjS'fliSjg-^i^^h/^A "(f)<D^^i^>^/^;55;j|pgEbJ:cV^/J;e>^^d /2^diL.Tt)^M 

p max 

[0088] |ll7Bfid /2<d<d (^#^{Ci3tt^^^¥® IH'CfoSo -<^^'^^ - 7t < ( / 

max max 

2)-(d -d )/d<-7c/2. 7c/2<(7c/2)-(d -d )/d< tc i:^t)#So ^<^^:^x ^( 

qk . Qk qk Qk 

2l)-C«$n5A "(f)(^ii:^arg[A "(f)]«:. ^.^arg[A "(f)]^ |3 (-7t < jS <- 

qp qp 1 qp * 1 

7r/2. 7c/2<j3 <7c)o^la^^:5>*■t■5RrlM^4;&sfeSo^<^:fc^^>^-7c<arg[A "(f 

2 *1P 

)]<- 7c /2ii.UJ 7c /2<arg[A " (f)]< n (^^ffltJlfeV^T. m/j:SJ^MiEm-<iJ'h 

qp 

max 

[0089] ia8Aiid=d (0^-a-l-*5lt-5^^¥Sia-efc«?^ia8B(4d>d O^^l^jStt^ 



max 
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1i^¥®iaT*fcSo --TM>d (Dm^.-7i/2<{K/2)-{d -d )/d<0, 0<(7c/ 

max qk Qk 

2) • (d -d ) /d< K nt^^n^o ^(Dm^.^{2l) -C^^tb^A " (f) <Z)ii^arg[A 

qk Qk . qp 

"(D](ix S8B(::^-rj;9l-x y ^arg[A "(f)]^ Y (-7c/2<y <0,0<y < 7C 

qp - 1 qp 2 1 2 ' 

[0090] ;itV{C^Ud=d -Cfo-5«'^^-7t/2^(7c/2)-(d -d )/d<0, 0<(7r/2)-(d 

max qk Qk qk 

-d )/d^7c/2i:^9#'5„^<^3^;^.^(2l)-C^$tlSA " (f)(^<i:^arg[A "(f)] 

. Qk - * qp qp 

qp 

M^)l?^Lfc:6S. ;^fl^^i-CH.\ltVl::#§|2004-145172^4!^^^rH. Sawada, R. 
Mukai, S. Araki, S. Makino, "A Robust and Precise Method for Solving the Permuta 
tion Problem of Frequency-Domain Blind Source Separation," IEEE Trans. Speech a 
nd Audio processing, vol. 12, no. 5, pp. 530-538, Sep. 2004. {^XV. r#%:ScS^J 

;*:?^S<Dm#:^^^g200^CPUlOa (02) 
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i 

j/^ti— 7'^miaJ247ci:)li2?y#^mSP247di:#^t/#;t$P247e<S:^b-CV >^ (12 

ioB)„ *fc. -4^mmxi-i. mmwmm44tmn^iEU247t\cxoxm^m4<Dr 
[0094] <^a> 

S58)„ /jrio. ^(Z)^Q;ffl(0#jaa(-oVNX(imxBi-5o 
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[0095] ^©m. ^mm^-^^m5o\zid\,^x. ?<'e])ioo(Dmm^mo2f)^hm^^^ 

q 

q 

^J'h/VXCf. T )=[X (f, T ) X (f. T )f t^305>ft^T^JW"(f)t^fflV^, 5>M^-< 

1 M 

Y(f,T)=W**(f)-X(f,r) 

(D^M\t^^ (f. T )'lriE^mu. ^^^$r^x.^^pfe^-^r^^^lK(D5^^^i^ (t) \zM 

p p 

p 

p 

k P 

p k k k k. 

u/ici>ii n -A„,,;'(f)ir -(26) 

. p<^yi00<O^tt^*^105d»biES'fk^JSc^:5^WV'A "(f) Sr> ^tt^i^l09d^b-fe 

P 

k f 
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■ =l^,^ifc$/J:v^:^^cm^ust(f)=o^l±^;/3U--NF^^yl7l»i&^■rs„ 
[0098] m^. mn^iE^247(Dmmu247si7i)K -m^^vivit^hm^mmmm 

||:trust(0€ric^tiib. trust (f)=l-Cfc§;6^S;5^t:^Jif-r^(^7'5'^S73)o ^l^l-C^ tr 
ust(D=0-C$>'5^^ ^(Z)S*^7'y7'S76(DMa{Ciit?„ — trust (0=1-Cfe'5^ 

^mff ^jw (f) ^m3<D^M.n^iw" (o ioo(7)iait®^i 1 1 tc^^rtu 

X5'7'S75) . ;5^7'iy:?'S76te:ittPo 
[0099] ^X5/7'S76-e{*. ©J^^gP170{C:JoV^-C. — ^^^y 171(;i*&^$ixfc/-^7P<— iJ'f 

s 

f /Lt^i^^i^^'Srif fcJ'jJ^^'^pt— (^ftiiUr y S 77) -Nf^^y 171 IC^S^ 

6 

s 

v^^^6l^f^srlo^s^•r5„ ^l-c. 5)'fitffi#^^«i5247b{*. :i<Dmf&mt^<^7S: 

^yiOO(^IBlt^igcl02;!»^e)j^t6^^i^<^^S-^m-^X(f, t )=[X (f, t ), X (f, x 

I M 

)y. x(g. T )=[x (g. r ), X (g, X )f^m^mu mmmmiit>^hm2(Dj^m 

1 M 

nmw (f) .w (g) ^mc. 

Y(f.T)=W'(f)-X(f,T) 

Y(g.T)=W'(g)-X(g. r) 
iZXoX^mm^Y if, X )=[Y (f. r ). Y„(f, X )f, Y(g, t )=[Y (g, t ). ••, Y (g, 

T ) ]^^^mbT— ^^^y 171 im^^-t^ (><.7^5'7"s78) o 
[0100] ^jctc. ^^^n~:/^mias247c{c*5v^'r. — NFP<^yi7i35^?>^T<^jsj^^^^ 
o5^iiit-^Y (f, T ) , Y (g, T ) ^^^mu. cnb<7>3i:^-<t3-y^ 

p p 
v'(r)=|Y (f.T)l 

p P 

v''(t)=|Y (g.T)| 

p p ' 

^sr^mbT— ^^^y 171 ici&i^-rs (^t^^ :/s79) „ 
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[0101] [^28] 

N . 

Rf=in.axn Z Zcor(vn(k) ,v . ^) 

|g-f|s6k-l 

cor(0, ¥) = «0, TP>-<a>>'<¥»/(a -a ) 

, n (k) m a O^i^^a— :/ v '\t.W j;o-Ck# g OaiV'^n— y^v/( T ) tfii^ 

n (k) * ' 

o 

[0102] t-f^. Jlfi^JS^tti$B247dlC*5V^-C. Z.(Oi(^mooT(D^^Mc^^it-t^W^\ 
[0103] [^29] 

N f B 

nf'=argmaxn S Xcor(vn(k) 'V(kP 

|g-f|26k=l ^ ' 

©J^^170{C*5V^-CA'a•Fi{ C } ( C =argmaxR^)i:(OfPA-a-^frfc^ceA'a-F 

[0104] sy^SPi70tJ:*3V^-c. — NF^^yi7i{c>^iS^$n:rc:*-^Fd5^-c<Dg|«c^l:$ 

tLfc^&mfM),f /L,- • • ,f (L-1) /LOll^Sr^-r5d^Sd^Sr4^J»ri-S (^X5/>^S84) o 

S 8 

s s 
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5 . S 

/cCfc. )>J.l.<D-)5mkn\^'^ . flK&byt^Pi 2004- 145 172:^4^#^r##:4:jlKj 

[0105] '<%m^^> 

3lt)X-fc5o ^;iTi44o<DiE*il^i±Wi5'^^MM'J{-SBfibfct>o^ffiv>;fc^5^ 

;i:trKl4BlvlSIR (signal-to-interference ratio) {Cj;o-C;^-fo :^C#V^SIR{ jif:9-^ti 

P 

O^jfe) . Basis+Envf:i^tUb2aS(D<f ^^iK'a-b-Ci«^i»affi:<Ra®^^U:fc'b 
(?5 (^20|lli6<^?l^fiit^#&) X OptiraalfiMff -^s^M:^^^>'^:^|iS^h^(r) ^^oT 

[0106] f^^^^m^^t. Env;fc'ft-ef*14tgl-«botjOS*>5d^ ^l«>^ife<D?^^(OBas 

is{4^nfc{t-e+:9-?Jt5^iH4tg^#-CV ^;6„ *fc, 2)C;^^^'^b:/t^2<?D^ifeo0^ 

©Basis+EnvOi^Mfififi OptimaltCiaV \ J:^ tC^^IJ/i-fe:/iMS«^ffl V ^fc 

o 

[igi^i^m2] 
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;^tR] (DOA:direction-of-arrival) <DmMU<D^Xy<'-X=Ly'—i^a:^mm^^Ut 
[0107] ^M^WXh?>DOARXK>OA+Envt. ^^mXh^BasisRXfBasis+Em<Dl^^ 

p Qp 

^w^A {f)(D^mmA (.f) (DU-^^^Emt-r^^tthtzo b^^u wr<7)x 

p qp 

otit^i'^.^^X. Ml^^itUl42aai>^. SjUc^iJ'h/VA (DO#^<^)lo<^M^A ( 

p WP 

p <1P 

[0109] [ftSO] 



wo 2006/085537 PCT/JP2006/302092 

40 



Aqp'"(f)=|A^(f)|exp{j.(arg[A^(f).AQp*(f)])} - (27rl) 

Aqp'"(f)=|Aqp(f)|exp{j-(arg[Aqp(f)]-aiig[AQp(f)])} - (27-2) 
Aqp'"(f)HAqp(f)|exp{j.<^(arg[Aqp(f)/AQp(f)])} - (27-3) 

[0110] [^31] 

^ 4fc d 

^ 4fc d 

p =l)o 

*fc. ±a£E©lli!ife®?^«i-C(i, y/P^E^'f bias 142b tc*3V 1 l->i^«J:9 

^O^. j}'7><>iJ'y>'iJ^aJ143«. Jiigt^E^>fb-<i5'h7l'A^* (f)<^iJ'7>=^iS'y>i5^^tT 

P 

cose=| A'"(f)-7, |/(||A'(D 11-11 7J 11) 

p k p k 
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[0111] [^32] 



(D^m^mmL'Xmt:.f£mm^nm-r^:ittvxhx\\ 

^tl^n(D±>'^ciiZ.M!t^^^^^'7;^^-$'d<Dig.tLrXhX^ \ 
[0113] Cm3<D^J^(Dfl^^(r||2(7)7tc5IP.gj(D^>f|)] 

;*:?^S(om^:9-^^M'tj. mi(r>mm(DMmmm. ^j:^<dm-^i^<d=i>\i'=l 
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[0114] ;i<7)S(c{R)^t-^i9iii. fB-^5>llfl^elO0l^^.lEitM^liOl~lll4^*i-5 

1100. m^wmm^^mi2o^ fi^^^-niiasiiao. @ mm^^mi^o^ 

0. ©j^SflfPiiTo^tJ^— Nfp<^yii8o^W-r§o :i:i-c;<^yiioos.u^— i^^^yii 

80{4, -^Jx-ff. Wv^;^^'10ac. MlbialtiittlOfOx— iJ'^^lOfb^V^t^RAMl 

od©7^— ^^^iodb(ia2)©/j^j'£<^4>— ^{cia^-r^ios, ^^jcrnt-RS^^tv^'ce 

V\ *fc. j^$tl^^^^^lf|ill20, ft-8-:9-|ltlHill30. S 6<jfaf-^^ia5ll40, m 

fm^wc^:^^>^mi5o^ mm^i^^t^uiieo^ ©j»ii7os.y^-i^p<^y 

llSOfi. mK.it. CPUlOa (1112) lCOS^ni/7A^{t^^il>^Di/7i^;55^^ii 

[0115] |1I17A}4. iai6tC*3it2) @ e<jm-^*^tB1140©P«|B#|fife^«a|^U^c>^Pyi^l2l 
-efct). 017B(i. iai7Al^*5{t-5^Jl£-<i5'h/kiJ^7^i5'y^^lfB11420p^^^!^^ 

m^^Wl^±^m KMit^) > SJ^-<i5'h/Vi5^7;^i5?y>'i/gi5ll42S.t/5^^lHJ1143$r 
JfrLTVN^So Sii£-<i5^h/W^'7^i?y^-i/|fi51142«. j^&ifcjE^'fbgP1142a(r 
• iE^Mj<l:«^)> //l'-^EM»1142b(riE^'fblH5j^«*!fe). iJ'^J^^y^^iJ^^fBl 
142cS.t;J5)-fC^J^^1142d^*b-CVNS„ *fc. ;^&^iE^'ft:la51142a}i. ^1 

[0116] aiSAf*. iai6iciott5^ra^JSic-^^=^>'i?'SPii5O<Z)|^«B«fiK?r0y^bfc:/ 

nyjJ'ia-efe?). miSBJi. |gi8A{;i*5{tS-^^i^^fife^ll51Op^^0tJ^bfc^«3 

rtbe><?5ia{c^J*-r5J;9f-, i^raJiiBtir^^'^^'^iasiisoji. ■^:^^^^Uii5 

lS.u^•7;=^=^:/^/^asll52^*L-cv^^o ■^p^iJ'^ifiKgiJiisifi. &^itnm^ 

fifelHJllSla. Sfe-fbSBllSlb, :^ia?th^gPll51c&t;5|iWiiSPll5ld^#b 

[0117] ''i*^. mi6^mi8iZ.ioi^^m^<D^^i-iM^(D'f—^<D^il^^l-^ w^<o^ 
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t^ism^mnir^o ^^c. m^m^^i^^'o. mmmi7o\'i^ !$^m^ji'f-i$'^~m 

[0118] ^Fflrtlv:NteO{t#Mk(ke{l,2 N}) i^^tEU ^tbb(D{t^s^(t) (t^±i^:/^y 

^^m^J) -i^jg-a-^tV, M^<D-fe>'1^q(qe{l,2 M}) X'^ii^ff -^x iiUXmSO^tV 

^tir:S>o ^BMX\-i. m^m-^x (t)..„,x (t) 'fsitbd^oft-^M;5»^e.|g-& 

1 M 

[0119] l^m(o±m 

{i,....M}) 1 ioo<Dmmmm ioiic*&ifi*iLx*5<o ft-^r^-ii^Oiad^M^^ti' 
r^is^tDjii-^m-^x (t) sric^wi-o ^b-c. mu^w$.mikmi20i-i. ^e>^ 

q 

[0120] -ft^^J^ii^fiJiiaoicjsv^r. ^^yiioo<??iEti^^iio2d^^j^Stl&^i« 

-^x (f. T )*^^i:-r-5js-^it-^^i!'h^V'X(f. X )=[x. (f. T ). ".x (f. T )fic. m± 

^^^m (ICA) ^jgffl ^K^f StCMfTM^J(^5>!lllft^JW (f) =[W^ (f) (f) 
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Y(f.T)=W(f)-X(f, t) -(30) 
t^^m'r'5(:^X5/>^S 102)0 ^Ji*3\ ittti^tbfc^iltTW(f)fi?«^yilOO<D|Elt 

^miiosimm^i^^o *fc. ^mm^^^h/V'Y if, % )=cy (f, t ),-.Y^(f, z )f ^ 

1 M 

«fifei-S:9-|tff (f. T ) (pG{i,...M}){i. IE1»®^1107lc^^$n§o ^y'-yZ^ 

P 

s io2(^l¥;NB{-ov ^x{*^x6i-§o 

[0121] ^til. g 6«J'ft-^iRg|51140{C*5V v-C. 1 lOOOlBlt^i^l 103;ii^b:5>llltT 
[0122] ltFflJS5g^-^;^=^>'^^fl51150^^:*3V^-C.^^yll00O^1t^^ll02;^^^b 

Ji^S^li^<?5^i'a-fi-^x (f. T )^ic^iiib. iati«^iio4;6^^]g^{t-^Y^^ (f, r 
) tJ:*ff£:-r'5SjS'<i5^h/»-A (f)^^^Wb. ;iti.b^ffiv^-ci^F^Jl&l^-^;^^M (f, 

T )^^^^bTfBli:^^1112(C*&ijrt-rS(^7^y>^S104)o ><.7^i/>^S104<D 

ZJOn'^nWiWi'^^^i^u (f. T ) €:S^if #Y (f, T ) l-jifflb. S^ff -^Y^j^ (f. 
T ) {^3^#-r-5i!&«{t ^fi^^^Srit)-® «iJBELfc-r;^i5'«!!aM^{t#Y ' (f. r ) 

fifeb. p«^yiioo<7)iait^*^iii3i-t&iN*3-rs(^x5/7°sio5)o z.(n>:^y'y^. 
^vQh(r>vm.<n>mU (^F^^iS^-^^^>':/Slsi i50<^ft]ia) tcov^-cii#32Bi-6o 
[0123] ft^lii. ^Ffl^^^^fe^fPll60^^:*3V^T, ^^yiioo<DiB1g^i^iii33ii^b. 
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3^^ws:t'^mL-xmmmi^<D^Mm'^ (o i loooteis^^i i i 

4iJ:|&ijrt'r'5 (X7^5':/s 106) o 

S 102<O^S at -^^^Utas 1 1 30O^a) <Df^^] 
m^-^^Wl-Xif. z )=[X (f. T ) .-.X (f. T )f ;{)^bMtTM^JcD:9-|lt=fT^JW(f)=[W (i) 

1 M ' 

,...,W {f)Tt^nm^^^hJVY(f,z)=iY{i,x).";Y (f. t )f ir^^W-T^Uxy 

M 1 M 

^sio2)„ m^i^^^mixch) \t. ^mm^^-^Y/^Y is, x )=[y (f. r ) .-.y (f, t 

1 M 

[0124] [^X5'ysi03(O^S(S6<Jif^jl*^^1140(D^S)co|^^] 

P 

[0125] *-f . mnmmmmi4ucm^x. m^wcm^^'^])iioo(Dw.m^i^iio3i)^h 

W(f)'=[A(f) A (OUtctdWtO^lA (0=[A, (f)....A (f)]'")-(31) 

1 M p Ip Mp 

•^X(f,T)0:^ 

[0126] [^33] 
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X(f,x) = ZjliAp(f)Yp(f,T) - (32) 

ooiElt^J^i i04{ct&j&«i$ti/S :/s 1 1 1) „ 

^fct'. SiS^^5'^/^^5^7;^^5'y>'^?'Si51142^^:*3V^-C. ^T©*Jic^^h/VA^(i) (p=1, 

s s 

p 

[0127] mi^^iEMiti^. mm^^w^^y^^v>ynii42<Dm^wuEm^tmi42aii 

|lll7B)^^:*3V^x^T^ptbSo ^»iEm'^blfPll42a^;l*3V^r. p<^yiio 

0O|Elt^^ll04OSJic-<tJ'h/VA (f) (p=l,...,M. f=0,f /L,-,f (L-l)/L)Sr^^m 

p s s 

V> ^e>^JiJS^iw^fe#Uc£V NMS?^jEm'fb-<i?h/V'A^' (f) l-lE^^bUT^^y 1 10 

qp 

P 

/VA "(f)(d^'fbL-c^^yiioo<DfBlt®^iio6{c*&^-f S(;^7^y:7'sii3)„ 

P 

p 

[0128] mm.^i^h/i^(^iEm.it.iimT-r^ii. m^^7:^^Ty^m\42cm\7B) ic*3v^ 

X. M'fbSJ£-<i5'hyWA " (f) {cJ;o-Cff0J5£$ti^Mi@<D^7;^^C (ie{i M})^Sr 

P ' ' 

llOe^ii^bEM^b^Jiic^^h/VA "(f) ^»mU ;iti.b^Sri5'7^:5'y^i5^b-CM^O^ 

P 

y>^^c (i=i M)^±^u ^^y:^9c^<w&'r^^mmx.\f^ ^^y^^im-r 

i ' 

n * 
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i 

i ■ V 

i .1 « 

[0129] [^4] 

Ui=ZAv"(f)ecJ|Av"(f)-lli 



,2 - (33) 



i 1 

[0130] [»] 



ZA.-(f).c.Av"(.f)/lCn ... ^3^^ 



lAv-(f)eCiAv"(f)/|Ci 



>9 

V 



i 

-^i^^f/^j^-rs^^jT^iJ'Sr^^b. mK\jk.'^7:^^^7§^'rwmm (f) ^^^y i loo 

<D|att^^llllt-*&«fti-S (^7^5^^2115)0 ^j:*5«^-C{*. i5'7^:?<^5)-«U/| 

i 
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[0131] ^m&m\^M-r^m^mm (o ^mm^ti^t. ^^t-. ^m^mi^i^n^mMm 

ICO 

b-C. jIJ^^ 1 143(i. ^(Dil^tt^I (f) {^^Jf&i-6^illfi:^^i^^<a -^Y ^ (f. T ) 

[0132] ^lvl,;^xy>^S112, 113(ia20)OiE^'fbOp^^^-ro 

[><>XiX7^S 1 1 2 (J^ gtl^E^'f b) <^l¥^] 

111 2 1 Afi. 1 1 2(DJ^ S^IEM^k<??f^}NaSrlftl^ 

80\mm-r^i:^y'y^si2i)o tfc. mmmi70\zis\/^x^<7^-'!fql^i^i^A 
U :itv^-^p<^yii80(c*&iS^i-;5(;^7"5/7'si22)o JSiSMmgRii4 

• 2a(iai7B){C*3V^-C.^^yilOOOiBli:MJ|Kll08*^e>lui2&<Z>^^7P'— iS'd, c, 

p OP 

i;il80;&^b^-?7P<— iJ'p. q^Hti^^mi-o ^bT. C^<Dji^l^jE^'fb^ll42a{4. Sllc 

^^h/WA (0<?5M^A (f)l;::^U 

p QP 

[0133] [^36] 



A^'(0=|A^(f)|exp 



. arg[Aqp(f)/AQp(f)] 
^ 4fc-'d 



(35) 



qp P ™ 

)i:bT;»<^yil00O|Eti^^ll05tC|&j^-r-5(^7"5/7'S123)o arg[-]{i® 
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©^(15) (lQ)<Dmm^^'oX. t(DiEmit^n% 

[0134] ;i;i-ep=M-ej'iittv}^ . ©J^^spi 1 70{* . p+i(Dmi^^^i:^tc^J^^^y;<—^p(D 
[i^T^ivT's 1 1 3 (//V AjE^a^f b) <z>i^^] 

[il2iB{*. y^y'y:/sii3(Dy7i^J^AEmt<DWM^Umir^t^)^<^y^—'^^—h 

[0135] , f&J^iaJii70{c*3V ^-C. ^<y^—^pi^i^i^AU Nfp«^y 1 isotc 
*&jN^i-'5(^x5^::^si3i)„ m^. y/^AJEM'fb^fi5ll42b^c*3V^T. ^^yiioocDlE 

p qp 

[0136] [^37] 

|Ap'(f)i| = V2:Ji,(Apq'(f))' ••• (38) 
©i^^^froT. J^&^jE^^b-^iJ'h/l'A ' (OOZ/Vio II A ' (f) 11 J^J6iS[jE 

P P 

m^t^^yi-A ' {^-BLO-^fo/jvj^ II A ' (f) II ^-Nppt^yiisoi^i&ifefti-^c^xi/ 

p p 

:^S132)o 

* 

' {o&xf^(Dyji-j^ II A ' (f) II ^m^mu 

A" (f)=A'(i)/^||A'(f) II -(39) 

P P P 

p 

I06{;it&ifi^i--5(;^7^5':^si33)o ^(^m. ©J^a¥^ll70{il*3V^-c. -Npp^^yiiso 
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L. ;mSr—^;^^y 11 80{;:*&)&'jL(:5^xy 7^8135) . :^y'"yzfS132<Dmmi^mir^ 

p 

[0137] r.Oj;9lC^^$*LfcE^jb^l£-<i5'WVA " (0 (i. ||i©llifeo?^^-C;^bfcii9 

P 

m^. mm.tcmmB-^(Dmisi^m (;=^7^5/7°si 1 5) (Dmm^m^ir^o 

[0138] r<^^x *-f ^«Sc¥iJCTl l42d(lal7B)*5V^X. ^^yil00(O|Blt®^1109 

p i I 

(?55>mu/ici^i[mbx-^p<^!^ii8oi>i*&i^-rso^u-c. 5>«!c4^j^^ii42dii 

i i 

. i i 

i =argniin U/|C| -(40) 

i i i 

tUT— l^p<^yil80{C*&ifi»J-r'5(^X5/:?'S141)„ fl)o, ^(40){;i4oJtSargmin^* 

[0139] Kic, umuinomiQ) icjov^x. ^fi-o^ftAu> ^tv^— ^^^yi 

180iZ.^mir^ Uxy7'S142) o 

^tc, 5>f(^^J^IfiJ1142dW:. —m:^'^Vll80i)^h^y^^m^^^ t ^l^i^ftiiU 

^^yiioooiBtiisJ^iiiod-bi5'^;=^^^^W^ i icMst^-r^-^yh^^h' v ^^m 
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^Wi-o *fc. :9-i{c^J^§Pll42dfi. ^^«;ilOO<DfElt^^ll06j6^bjEM'fbSJi£ 

P 

I(f)=argmin l|A"(f)- 7? 11" -(41) 

P P t 

[0140] ^^c,©J1i^flJll7o^c*3v^r>— i^^^yii80;5^b^-«yp<— :5^f^sg^muf=(L-i) 

s » 

s 

l&#3L(;^7^5/:7'si45) . ^ffi^;^r5'>^si43tcM-ro — ^(L-i) •f/LX-hti\t 

. ©JWll70(i, ;^X5/7'S115(D^a^i^T§i^^o 

t.T^^y^^MW^u/\c\^{i>:^<D^ximx.T/i^=^])^j^i^x<>xmm^^^iMm 

i i 

tc:^tJ«#x.S. -tb-C. ^«Sc#siJ^^1142dJ*. p<^yilOOtife«rt$ti.fcL#VN'(it^Srig 

I i 

So 

[0142] :i(Dm^. ;^T^y:fsi4i im22)(Dism<Di^i:>m^^ j^m.¥i^Uii42di:iis\^^X. 

i i 

mi^^xj^mx.^o ^b-c. ^@:*J^^ii42d(t. ftt:9-mu/lcjds/h$v ^i5^7;^^?^^ 



» 
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i i ■ 

[0143] [^^jgStic-v;:^=¥>'.:/SiJ1150(7)j!0!a(;^X5/7°S104, S105)C>#^] 

1(0 

Y (f.r)=W "(0-X(f,i:) ■-(42) 

1(0 1(0 

[0144] [#[38] 

Y,(t) = W,".H,S,(t)+ iWi^HfeSkCr) •• (43) 

k=l 1-1,1+1 N 

tmmX^^o t>bN^M-Cfctt{i. m^^^-^^ilCA) iCX'O. W^"-H^=0/kG{l,... 

,i-ij+i,....N}^^fci-<tpW^^^-rs-^;6^'5rtg-^fc5o ^<^fc«>> ^(43)o|| 

W"-H #0/ke K i/i-S /c £{1 1-1,I+1.....N }d5#^ELXb$5„ ^O^, MlSi 

Ik 

[0145] [iC39] 



i:W,"HKSk(r) 
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1 

Y '(f.T)=M(f.i:)-Y (f. t) -(44) 

1(0 .1(0 

1(f) 

[0146] [;^X5'>^S104(-^;^i5^^«115l)(Z)MO^J^] 

-r-s^p^ ( e^'fb^r^) ic*3v>T. ^i'a-{t-^'<i5^h/vx (f, t ) tmmt^\^n^^-'t^ 

SJic-<i5^WVA (f) i<^^i-r^at 0 (f. T )^*^?>^ ^(D^^ d (f, T ) 
UmmmiO^ii^htlk^m^X (f. r )^ig^t±JU R(f)=<X(f. r ) -XCf. r )"> tU^c 

^icdsit-sv (f) =R (D " "'sr u ^itffmv (f) i:b-c# tu ^.ti^mmmi^ 1112 
mm^^m^M^UR"'''ii^ r^'-r- iR-''T=imm&.nm)^mtz'rnm^ 
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1/2) mLfcM'^nnt^mtfj:^fcib > Mnnmu <D^mm<D (-1/2) m-th^t 

1(1) 

)„ *-f Sfe>^b§pll5lb^c*3v^-c.p«^ylloools1»^i^ll02;5*b 

^s-a-if -^x (f. T )■ ^, lEit^i^ 1 1 1 id^e>^#^m^Y ,^ (f. z ) iznit^-r^mm^^h 

q .1(0 

/VA (f) Sr. iait®^iii2d^b&fe^b^f ^jv(f) ^mwic^mi-o ^ux, 6 

1(0 

fejkSP 1 1 5 Ibtt . Z (f, T ) =V (i) • X (f, T ) (DSiaL KX'O e ^.-fk jg-a-ft ^-^iJ^ Wl-Z (f, 

T)tr^ttiUB (f)=v(f)-A (f)(^S^^lcJ;>9efe<bSJic-<i^h/i'B' (D^^'WL 

1(1) 1(0 

[0149] :ftSH-St§Rii5ic(;:*3VNT. efe'fb^'a'(S-^'<:J^h>'^z(f, t )i:e^'fbSli£ 

'^i^h/VB (f) i;657^<^-r:^S 0 (f, T ) ^itrflJ^Jfe^^l-^m-rs i^y^y^siss) 

1(f) 1(0 

>:ftJtli-»la51151c(i. 
0_^(f.T)=cos-'(|B^^^"(lD-Z(f.T)|/||B^^^(f) II • ||Z(f,T) ID -(45) 

12(C*&i&^t-'5o''.Cfc\^C(45)(C*3lt§ I * I i^-^i^h/V * (Dm{iS^«5feU II * 

[0150] H^SI^IfI5ll5ld^;l*3V^-c. 0 (f. z)^mmt'r^m^'^h^^m 

dtj:*5V^x. . p«^yii00(O|Bl»^^ii08/Ji^e>3lit^--°7P«— iJ' 0 , g^. IE 



mii2ii^hn8t 0 (f. T )^. ^Mtim^m-ro tvx. m^mi^un^idti. 

1(0 



M(0(f.T))=l/(l+e''-<''^-'-'''") -(46) 
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ie:.toTfE1ft^J|Kii08{j::^^b-C*5V^fct>o-efcS, ia24A(j:, r.mm(Dmwcy<y 

T 

T 

T 

1(0 

1(f) 

—v?;^7/W'1'X (musical noise) ;e»S;K:^<J'^So *^c. mik^<'7}<—'$fsi)^±^<^J:^i3iir 

1(f) 

M(0(f.T)) = a/(lV^''''^^-"') -(47) 

%:f^mmf&^'^^^M(f. X ) i:bT^>J;v\ $e>l-. 9 (f. x ) /650^CJ£v^•g^^^: 

1(0 

0 (f. X )) ^Kom^xhtut^ m(Dm'^^^mm^^-^^mi{, t ) tLxffiv^-ob 

^ (^v"y7°S 104 ( v;^2?^fi^lHJl 151) <Z>^a©l¥iNBO|ft|g*l-fc>l5) o 
[0152] [^7^5^:^3105 (•vx^^>'^SiJ1152)0«!;S(^PiSB] 

•x'y?.dE^V^glJ1152{is p<^yilOO<0|Elt^^llll;?i^e>^S^ft-^Yj^(f. T )^. IE 

^^gC1152{i. 
Y • (f, T )=M(f. x)'Y if,x) - (48) 

Id) - 1(0 

ODi!g^lj:j;o-C-v^i5^^3®M^ffi^Y ' (f, t ) ^H^Sr^^U 1 100<^IEti^ 

1(1) 

^1 1 1 3{^*&i^t-S (X7's/ysi05 (■^;^=a^>'^lfij 1 1 52) o*aao|¥^«)tfe?g^*3 

«?)o 
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[0153] mmm^^-^^^>'i!^(D^^^i 



[0154] [^40] 

X(f,t)«Hk(f)-Sk(f,T),ke{l,...,N) •• (49) 

mmm^^&.m (f. t ) -c}*. sfe-fb^-^fs -^-^i^h/^z (f, r ) 

[0155] [1^41] 

Z(f ,r) « V(f ) - H,^,j (f ) • S,^^j (f ,t) « V(f ) ■ Aj(f )(f ) • Y,(f)(f ,r) 

1(f) 

1(0 

B (f)=V(D-A, (f) - (SO) 

1(0 KO 

z )x\t. ^^itm^m^^^w^^zif, z)t&i^i\:mm^^w^B^^{ot^^^j:-r-^m 

1(0 

r ) {i. 6 (f. t ) ^isoiJijav mWiKi^^ ^X:k^ti:^^U^(OXh^o XoX. m 

ICO 

^M(f. T ) i^*5tt-5)i^{t#Y (f, T ) ^-^^^^fiikmmmt^Y^^' (f. t ) i:L-ctt 
mi-'5^j<^i»' (48) #m) o 

[0156] {St-i (D=i^:*3V^fc:«^. i 6<J^a-^^s5&^r:^^v^^:^'C'^^v^l^P^jl$^ic^g 

(f, T ) Xi-i. e fe'fbiS-a-m-^-^i^b^l-Z (f, r ) Ji. 
[0157] [^42] 



Z(f,T)«li:L2V(f)Hk(f)-Sk(f,T) -• (51) 
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e^'fb^F^'CcZJ^^h/WCf) -H (f),...,V(f) -H (f)(*j51V^(CE^t-^o ^ii^. ^(51 

1 ■ k 

k 

1(0 1(0 

afe'fbSjis-<i5'i>/i'B (f) (i(f)=i){i. s6<jm-^iiJi^<z)-<^h/w(f)-H (f) v(f)- 

1 2 

i^raj^JSME (f, T ) -Cit . (f, T ) i^i^i^tiimu^^t^^^^^^o ^bT, 

1(0 

1(f) 

iCO 1(0 

(28)#M)o 

[0158] 4iil±J;D. Nf rH^J^&^-^^i5^M (f. T ) {viis^^JlJg^-rxdf i^:i^«i!af* . ie^fi 

1(0 

, j^St^-fes (f. t ) -cfooT:t>^ife(D^[^*m#fi^^4j#<^*tb. ^(49) 

1(0 

2 3 

. (f, 

[0159] [^43] 

Z(f,T)«2:LV(f)-Hk(f)-Sk(f,T) - (52) 

1(0 

S(f, T )om-^^-7^i5^*n!Sil^ff -^Y ^' (f. r )i»^b#^^L-Cb*9 Rrtg<4;i5fc5-t 
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1(0 

1(0 Kf) 

[0160] C^4<?D^ifeo?i^S(r^2(0;4^^egj<^F!l)r 

o 

[0161] m25im^-r^i:oi^. ^Mm(Dm^'^mmmi2oo<Dm-^^^fsmmiooit(D 

ffii^^«.P<^y 1100(^1211^^1112. 1113^^U£V^^, RTJ^NfFfl^^^-^^ 

<*0!a> 

2fctc, ;^J^^{c*5tt'5{f -^:5>SI^Ml200O*0iaicoV^T^5g-r5o 

ia26(*. m4(omm(Dj^m\^i^i^^iB^^MBmi2oo(Dmm^m.m'rhtcii><D 

[0162] m3<?5^ife<^?^^t(^«f-. ji&fclS^^^Si51120{^:*5VNT, ^^UllOO 
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q ^ 

(^^i-a-ffi -^x (f. T ) ^i^^mi-b r<^0y(^if ^^iiifPi i30{i. m^mvtcm^m 

-^X (f, r ^Sr^^t-rsm-a-if -^-<iJ'h/l'X(f, z )=CX (f. T ),-,X^(f, r ^fllSl 

q . 1 M 

1 M 

^J|Kll03lC*&i^$iT^o tfc. ^mm^-<^Wl^Y if, T )=[Y (f. T ).-.Y (f. T )f ^ 

1 M 

m^ir^^mim^Y (f. T ) (pG{i....M)){ilEit^^ii07{c^i&^$ti^o 

p 

[0163] ^(C. g 6<jff ■^5l^^lfPll40^^:*3V^T. ;^^VllOO(Dmmmi^ll03:b>b^mn 
-^Y (f, r ) ^ji iS^f StCM^L. P<^y 1 100<D|BtiM^l 111 {C^^f -5 (^7^2/ 

1(0 

1(0 

^o^^-Htfi-^ (t) ^^^L, p«^y 1 looeiEit®^! 1 i4(ii^Srtt"S (^^.x^'T'sie 

[0164] [^5(D^ifeO0^(r^2<D;*:^§gj<D^J)] 
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^•7:?^^-y^Ui35on. -r;^iJ'^j^iasi35iS.TJ«-^;^=^i^i5^^ii52^^-rSo 

, ia28BtC^1-i5t^. •^:^^±^Ul35m. m^^jEmi^^l351a. //l^J^lEm. 

-fb^issib. -fe^hd-fKttmiasiasic. smsBit^Wlfisiasid&uJgi^^^^i 

2IEm^blfBl351ab^*L-C*5t9, -k:/hn-('Kttm^l351ctt. ■fe^hti'l'KmifPl 
35 lca&U5//VAiE^'fb§iJ1351cb^^U'CV ^So 
[0166] <-x';^i?;^fife^a> 

(^;7ti_^^— {.-efc-So ^30Att. ia29{C*5tt'5^7'5/>^S171(Oi^^^lft5g 

m wk-^^^^fr^ ^fife^OiS^ift §13 -r So 

[0167] *-f . -v^i^^^iaJissKD^^^E^^biasiasiads. j/^yiiooc^iEtet^Jj^ii 

02{c:*&i&^^ti.xv^s^fe^k^<?5^ii-a'if -^x (f. T )-h^^^^i\^WL^\%%^^y 

/v-x (f. T ) Mis^ic^^ucv ^M&mJE^'^^i-<^5'^>'^x' (f, r.) \c^mc\^ m 
mK&MA^) . ^w^nimc^mc-^i^Vf^^' (f. ^ ) <d#m^x^. (f. t ) ^sr^^y i loo 

©^tiH^ 1 31 2tC*&i&l3i-S (;^7^5'7'S 1 71) o 
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[0168] S-f . ^JI|lgB1170(ia27) (C*5V ^-C/^7P«— ^qlill^f^AU Nf-?«^yi 

iio2d^b#(f. T ) ij:^;s-r5^S'a-{i-^^i!'WV'X(f, z)<Dmmx (f, t )^iE^^^ji^ 



[0169] [^44] 



X '(f,T)=|Xa(f.T)|exp 



. arg[Xq(f,T)/XQ(f.T)] 
^ 4fc-'d 



(53) 



OSI^^tTV\ ^^SI^ife^^J^ife«^^b-<i5^h/l'X' (f, T )=[X ' (f, X ) ,....XJ (f. 

z )f(D^mmt\^x. ^^yiioo(Z)iEti^^i3i2{c^jfft-rs(^7"y>^si82)„ 



[0170] 



arg[-]iiii:ftSrlc*U 

'<i^wvx(f. T )<o#^<oio(^^*x (f. T )M2pi:LT^^^S'a-it-^-<iJ'h>'VX(f, 

q 

T )(^)#M^x (f, T &^r<Dmm^x^xiEmt-r^o 

q 

[^45] • ■ 

Xq'"(f,r)=|Xq(f,r)|exp{j arg[Xq(f,T)/XQ(f,T)]} - (54) 

m^WaEMit^l351a<Dm2lEm^tm351abib^. :^lHM^kfiil351aa 



[0171] [1^46] 



X„'(f,T)=|X •••(f,T)|exp 



.arg[X '"(f.r)] 



J 



4fc"'d 



(55) 



f^fci-d>??;5^^43J©r-r'5(;^7^y^si83)o :ir-eq=MT-^cfm{i. $iJt»SPll70t4 
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[0172] 'r;:^^^^|fP1351oyyW-t.iE^^blfP1351b;6S^ ^^yil00<^|Blft^^l31 

A3&sgff;t(D{it (r<D^r!|-CJi 1) \z.t^W;vj>.-jEmt^^V/^x' ' (f. t ) lcE^<bL(y 
/VAjEM^b). ■?:tue>#M^X " (f, T )^tatiMJ^l3l2ic;fe«ft-r5(;5'.X5':/si7 

Q 

2)o 

[y/VisjE^^b^ffi (^7"y7°S 1 72) <Di^^] 

^TJi:. dwy/vi^iEM'lb^iffl (^7^^/7^8172) (oUM^^^ir^o 

[0173] *-f . //V'AE^«1351b(ia28B) ^c:*3V^T. ^^y ilOOOfBlt^^l312;6^ 

#(f. r ) {;im-r5J^^^jE^^b-<j5'h/WX' (f, T )=[X^' (f, r ) .....X^' (f. x 
U^ThtSo ^bX. y/Vi=^jE^'fblfi51351b(i. 
[0174] [^47] 

||X'(f.T)|| = VZ^.,(X,'(f.-^))' 
(D^n^noX^nh(D/;VJ^ II X' (f. T ) II ^StfCjE^-fb-^iS^h/i^X' (f, z ) 

S-t/y/w-t^ II X' (f, X ) 11 ;Sr-i^p«^y iisoic^&i^-rs (^x5/ysi85)o 

iEm'fb'<^b>'^X' (f, T )&T^y/i'i^ II X'(f. T ) II Srig^WU. 

X"(f.T)=X'(f,r)/||X'(f.r) II 
(?5SI#^tTo-Cy/Vi^jE^'fb^^h/^X" (f, T )^^fe'5(;=^7^iX>^S186)o 
[0175] ^«>^*Vfc//VAIE^>fb'<^ Wl-X" (f. T ) 1 100©m^^l312(Ci^*ft 

■fe>'hnvfKi*ttllfi5l351cO-fe^^hn-f'KS^SB1351cadS. — ^p«^yil80 
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t 

t 

t 

o 

[0176] ^^IJI. S^ggil^tlllH5l351d;i5^^^yilOO<^iali^^l312^^bxy/V^iE^ 
DS(f.r)=|| 7, '-X"(f.r) |1 ' 

t 

iSfelw, M|gc^fife|f|J1351edS^7<^yil00(7)|EltM^1312*^^SgilOgmDS(f. 

, ^^yil00O|Ell^*^1312tC|&i^-r^(^7^:y7°S176)o A^6<J{-{*. Mic^fiK 
gB1351e«. ^^yil00<D|Blt®J^1308d^b*^^'«7P«— iS'g, D^^ic^ 

iZs^. aT<?5ai;?;^f^>f 5/:J'ii^Sr^TOS£^-^;^^'M (DS (f, t ) ) tb-C^fig-r^o 'fc 

D ^i♦H^I^c|sit®^l308^i^&i^b-c*3v^/c^ox*fe§o *^c. en^t^rwcx- 

T 

[0177] [^48] 

M(DS(f,r))= ^^^^,P^,,,^P^, ••• (56) 

f 
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qk 

;^jEg^ (3.5cm) ©^^it^i:bX-%-x.> PJN^^?^^-7-r^5'D7j^>'gEg^i^x.•rv^/^v^o # 

|lifeiC*3V ^-C^ •^■^■i^n:^:^\Zj5.\ ^4o(;D;^t°— (al20,bl20,cl20,cl70) 

-J 

Input SIR— Output SIRt?fc§SIR(signal— to— interference ratio) <^8fe#fit^<to'C 



[0178] [1^49] 



InputSIR = 101og.O . ^^-^"<->-'^^->l^>- (dB) 

<|Ek^,Zrh,k(r)-s,(t-r)| >, 

<|lk.ii:ru.k(r)-s,(t-r)| >, 

u,w (r) = L^lJ w,q (r) • (r - r) 
(is it)i)^hy (t) '^<Z)^>^'«/^:^iS^"Cfe§o 

k 1 

# S «)^MMt-*M-r. 7o(^^^( i 6*jW^l^i:JS**^6^@)d^b 

^) icAi:^^ji$t^-7;^=^:^^<^M;^^m^'a'fc»-^fc4t^ im3(DmM<DMm) 
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T 

T 

i ^JJC^ (musical noise) ^WofCo M^(D^^^. #<0*&^{C*5V ^Xy<y;<—^ ( 0 

T 

[0179] mmmm^ 

) mK.\tJ^—T • ^^xi^X (Moore-Penrose) m.—f&.i^M'^n) (D^ntfSi^o 

*fc. ^3(n>'mmmmx\'X^ mm^w-^^^^^m^xmrnrnwi: (f. r );5^b 

1(0 

1(0 

lO) 

Y (f, T ), Y (f, t ) (^;»C^$^it|SeL. I Y (f. r ) I > I Y (f, r ) I /^^I^Y (f. t 

12 12 1 

-=?;^i5'«Laie^«^Y '(f, T )iL-cj*mb. i y (f. x ) i < i y (f, t ) i /^^jJ^y ( 

1(0 12 2 

f. T ) ^■^::^^^mmm.m^Y ■ (f, r ) i:LTttm-r^i^FHlj^^|^^;^i5'Sr^^b, 5> 

1(0 

m\t^\ (f, r ), Y (f, T )^M^i:-rs-<^^h/^^-»^t-a■fc>■frS^i^b-CtJJ;^/^„ 

1 2 

[0180] ±ii&«Z)^3©^J6o?^^T-«:, m-§-:9-lSllfPii30/i5Mi:^:9':9'tlf (ICA)^ 
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b^il{t^^tttilU(^Jx.{^. ro. Yilmaz and S. Rickard, 'Blind separation of speec 
h- mixtures via time-frequency masking," IEEE Trans, an SP, vol. 52, no. 7, pp. 183 

0-1847, 2ooA.i0m).'t(/^nm^^7f>^h^^mn^]^±fi^ir^^tt\.xhx\^\ 

p Op 

p qp 

LfCo Ld^b. mx.it. MiEbfd^ (27-1) ~ (27-3) ^{Ct^oT. mm^itmi42a 

a^K sjic^iJ'WV'A (f) (DmM(Di^(D^mA (f) ^mmt\.x. ^m&m^i^h/^A 

p Qp 

p qp 

[0181] *fc. J^feiClE^^bSPl 142a;5^^ ^ (35) Oftt?<9 1^, ttf5z&Lfc^(28-i) — (28-4) 

i^vxnoo 

e^6<D JliS® JI^S ( r^3(Z);$:|gBg J <^^^J) ] 

x(Dm.mm'^i)^^mhtifcmm^^Mit^'o^^mmmm\^xm^^m^nmm 
[0183] <m^> 
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[0184] II132. laSSt-^y^-T'SiplC. {t-^l9-||l^e2001Ji. ^^y2100. J^JSicffi^ 
l^^®*|g^ife$|52130S.LI5$lJ^»gi52140^^WUXV>-5o ^<D{t-^:9-8t^2120 

M:. jiiSicjEm>fb«l52i2i (riE^>flilfl5.j^«fife) . J A^J>:iEmcM2\22<<\^mcM 

J^«fi^). i5^7^^5'y>^^lfi52123S.t;«^il^S-^^«2124$^*bTV^5„ 
$t»^W2121}i. 0i:Em^kgU2121aS.TJ5^2jE^>f.t:gP2121b^*L-CVN^ . 

[0185] ;i^-e;^^y2100S.TJ'— I^^^y2141(* . Vv^P'^^'lOac. tt|lj|Elti^eiOf&tm 
^^^laJ2130^tJ5f&J^^2140«. CPU10a(;iOS^n^7i^^it-^5)'lll^cii5^7 

*5v^-c. i^±:^'^xmM^ntcmmni^<Dm^it'^\(t) (q=i.....M);jM^y2ioo 
(7)iBitffi«c2ioiici&i&^$^x. ft#<o^^)iac. Micros «d-e>^^$ixfc 

[0186] m34ii.>^mmi^isi'rm^^Mmm2ooi(Di&m<D±i^^^m-r^tctb(Dyn 
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q 

. m(D^^m{s^i^m^wmi$i.(^iMi^is^itf^s)x (f. t ) (q=i.....M. f^o,f/L,-. 

q s 

f (L-i)/L. f ti-9->:^V^^i/m^lk)i^^i^U >^y2iooois1tM*j62i02i::*&Srt 

8 ' S 

t"-5(^v'5'7°S201)o 

[0187] m^-^mU2120(Dmf!^^jEmihU212lKio\^X. ;^^V2100(DmBn 

m2io2f)^hmt^L^Mi$t<Dm^in^x (f, t )^^^ttit-o mt&^Mi$i(^u^is^x 
(f, z)^m^m\^fcmw^^Emitmi2m. 

\ )=[x (f. T ).....x (f, T )]''^^. m^^;l^i^#Ui:v^ji^gticE^^k-<^^^/^x' (f. z 

1 M 

) KJEMit-r^ (P^T^yyS202)o ;^fife$tt:fe#J3Sil^jE^>fk'<i5'h/V'X' (f. t ) «p« 
^y2100<D|Elt^i^2103lCt&i^$iX-5o ^^4b\ ;^7"5/7'S202O^a<Z)p^{3:oVN 

[0188] fi^5^g||fP2120Oy/VAiE^'fbla52122l^*3V ^^!;2100O|Bltffi^ 

ic/jt^y/v^jE^'fb^^h/^x" (f, T ) {CiEm-fb-rSo ii^x. 

'fk§P2122l*. ^J^bfc^y/VAjE^a>fk:-<^'h/V'X"(f. t: )*p<^y2100<^|Blt^^2 

^jsCfJl, iB^-$^MU2120(Dii^9:^^Vy^U2123\Z.m^X. p«^i;2100O|BltlSJ^ 
2104;i)^b#y/^.^iEM'fb^^b/V'X"(f, r )Sr^i?^ji^s rtvPjSr^^J^i^y^^i/b, ^ 

(k(k=l N)# i (D^yP<s^<D?^yy<X" (f. X ) ^^S-rSlf ^^^V2100(D 

[0189] m-^^mn2i2o<D-^miM^^mu2i24\zi3\ ^-c. ^^y 2100(^1211® 
*^2io6, 2io5t)^ib^yp^^^nc Rv^mmim' ^B^i2^tfo ^Lt, ^utm^^ 

k 

AjE*a>(k-<i5'Wvx" (f. T ) ic>cti^?-rs?s-^is^-<i5'wvx(f. T )/&-bQ'# g (Dmmx 

. (f. T ) ^|Bl«®l*2102d>bttmb. CliT^k# S (D^mv^ (f, T ) tb/c^^Hifs 
^h/i-Y (f. T ) ^^fife-rSo ^bX. :»|!8lfi^^la52124tt. «Ufc^iim^-<i5' 
byVY(f, T )^^^y2100<O|Sltfg^2107tCfeiS'l-r S(;^7"5/:^S205)„ ?i*3. 
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ICO V ^-c{*^3^6i-•5o 

[0190] mm^. I^P^|g^^^^2130^^*3V^-C. ^^y2100(^|ali:^JS^2107;6^b^|ll 
^g|S2130fi. ^^Lfc^F^«^O5>llim^^(t)^P<^y2100®|Eti|gi|K2108 

(;^-7^y7°s206)„ 

[J^$£^jE^'fkg|52121 • y/VAiE^^bSi521220^aop^] 
JiStic:iE^'fb^212lS.t;?y/Vi^jE^'fbla52122(*. ^X(D}g^{t^-<i5^b/VX(f. 

X )=[x (f. r ) X (f. z )r(f^o.f /L.-.f (L-D/D^nEmu. ^nh^m^^m:: 

^:j^^-f ^ fi#^S<Z)-fi£g<D^{C'fife#■r5yy^i^iE^'^b-<^W^x" (f. z ) tcE^^bi- 

6„ j^St^-TEm^l:}*, j§&«^'(blaS2121^C*3V^-C. iS-^if -i-<i^h/VX (f. T 

^mm-. //^i^JE^>^^:^fl52l22^c*5v^-c. MiSfciEm^b-^i^h/^x' (f, r 

[0191] [^S£^E^'(b$IS2121 {Ciott^Ma<0#^ {^z^y-yZtSIQT.d^^mfnnm ] 

laaSA}*. |a34ic^Lfc;^7"y^S202O*n!a©P^iSrlftWi-^^c*O7n--^-r 

X ©J1^lfl52140(ia32) ^^:^3V^•r/^7^— ^qtciSrftAU ^^^y21 

41{C*&i^'r5(;=^X5'7'S21l)o i^tC.^jSfCiE*ajkgiJ212l(ia32. 033)tC*3V^ 
T. ^^D2100<D|ati^^2105;i^btilJiE<^^^7P<— ^d, c, Q^Sc^ji^» IfittM 
i^2102;5^b#(f. T ) l^*fJ^?-r5il-^ffi-§-^i5'W^X(f. T ) <^^^X^(f. z 

[0192] [ic50] 
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X •(f,T)=|X,(f,T)|exp 



J 



.arg[X„(f,T)/XQ(f,T)] 



4fc-'d 



(60) 



[0193] 



<Dm^^n\ \ ^^m^^^^^^^^Mit^i^'Wi'X' Cf, r )=[x; (r. z > x^* (f. 

-S-f . J^3S^iEM'fblfB2121<D||i:iE^>fl::§|J2121a*S. jg-^W"^-^ 

i}^h/vx(f. T )(DiKF^<Dio(D^^x (f, z)^mmt\.x^m.m^m^^^wvx{f, x 

q 

) (D#^mx (f, T ) oii^ Sr. )^y(o^n\z.xox^mot^o 

q 

[liC51] 

X,'"(f,T)=|Xq(f,r)|exp{j-arg[Xq(f,r)/XQ(f,T)]} - (61) 

j^«jEm'ft:SP21210^2jE*IW2121bd5. ||ljEMW2121aX*iE 

q 



[0194] [^52] 



X •(f.r)=rX '•'(f,T)|exp 



.arg[X '"(f.T)] 



J 



4fc''d 



(62) 



[0195] 



7^5/^8214). ^!0;a^;^7^y:7'S212-^M-ro q=M-CfeiX«. SlJ1SgiS2140« 

^xy7°S202(0^a^)^T$-&x i^T<^^Xiy7°S203O*a.S^^tT$-&So 
[y/ViNEiS>fblf|52122lC:}3it'5itOiS(Oi^^ (;^xy >^S203(7)i^«iH) ] 
lElSSBti. |l|34tC^bfc;^7^iy^S203O^3gOp*iaSr^i?-t"S^-*<^^'^-^^ 

//UAjEjS«2122(ia32. ia33)lCioV>X, p<^y2100<^|Ett^^210375-b. 
# (f. T ) iC^^&^jSSJiCiE^^li-^i^^h/^X' (f. T )=[X ' (f, T ) XJ (f. z )ft:m^ 
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[0196] [fC53] 

||X'(f,T)| = Vi:Sli(Xq'(f,T))' 
(?5SISi^fTo«*Vb<0//WA II X'(f. T ) II ^^ai). J^$tfCiE^^li-<i5'h/VX'(f;i: ) 

RU/M II X' (f, T ) II Sr— 2141lc*&«rt-r'5 (;^Xiy7'S221)o 

mt^^hJi-x' (f. T ) s-o^y/v-t. II X' (f. r ) II ^m^mu 

X"(f.r)=X'(f.T)/||X'(f,T) II -(63) 
<?5Sl^^ff o-Cy/^i^iEjgjb-<^J'^/^X" (f, t ) ^^«)^ (^xy7'S222) „ i^febtb 
y/i^J^^jEMit^^h/^X" (f, t ) 2100(7)|Bltll^2104iC*&^^ix5„ 

•;ini-J;9;^-7^5'>^S2O3(7)*0!ad5i^T-t'^o 
[0197] ^<?5 ^c^^$^^fc//^i^iEm^^:-<^5^^/^x' ' (f. t ) jfefcl^^fe^-fr-f . -ff-^ 

4 

jt«ajb^c(fe^m*^^;«?7-cfc^TO^s^ (f. T ) ^sit;6^ofc)tJO{^>&orv^5 (x^(f 

mm 

. ,t)=H (f, T)«S^(f,T))o 

[0198] :Ltiib(Dmm^s (f. T ) {iilt«c^rai-/i&c-c(i-?^i:*p-b<iffit-iSC-c)^^b-r5*s. 

t1l52^0J;9{^^ ^«E^«2121<7)^li^jb^2121a«. m-a-lf-f-^iJ^H/^ 

x(f. T )<Dmm(Di-D<ommx^{i. z)%:mmi:\^xm^u-^m^^i^w^x({. z)<d 

#x (f. r ) ^:E^>fk-r6„ 
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[0200] *fc. tui!&<^J:5 1-^ ^2jEm'fkl^B2121b{^. ^iEm'fblfi52i2ia-ejE^'ft:$n^c 

" (f. r ) k =tnh<om-n<Dnfm.m^m:mwud^^M\ (f. t ) t-i^^b-r^ 

4 

#-r-5o ^<??^ci?). fi-^Mk. -fei^l^q, S^P•fe^f■Q*5|^l^■C'fci^^^x J^J^^fdSM 
/j;oXt>^il^x ' (f, T ) oiS:^ \tm~tfii^o tJ^o-c. MiS^iEM^b-<^h/vx' (f, r 

m\:i^i^v/vx' (f. T ) (D//vj>^=kiEmiti'fcy^^-i>^i£.m.it^^h/i-x" (f. t ) (0^77.^ 

[0201] y/vAjEM'fb'<:J'W^x" (f. T ) iA^y:^^^T^^-r^m^^. ^x/v^ffl v ^-c 

qk 

[0202] [1^54] 
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Mqk(f) = T^expH27rfc-kdqk-dQk)] ••• (64) 



qk 

qk qk . qn 



[0203] X (f. T )=H (f, T ) -S (f, T ) ••• (65) 

q qk k 

^vl-C. ^(62) (63) (64) (65) ct9. 
[0204] [^55] 



.7l(dqk~ ^Qk) 

-'2 — 



,D = jl!^,-^- •• (66) 



y/v-MEm-^iJ^Wvx" (f. t )(D#M^X^" (f. r ) fix 

*fc. m(omM<D^^mm.. ^(66)*^^. ^<y:^-^d(Dm.\t. d>d^/2-cfo 

mai Q 

Sgft Sr^^fef^o ) . J:90*b<«d^d -efe^:iid5M*b< . $bl-i«90*b< fid 

* msx 

max 

ia37S.t/ia38«:. /-^^P*— i5^d§<^y/VAiEm'fb'<^W^X" (f, T )©il^X^" (f. 

x)ii. ^<?5<i:^arg[x " (f, X )]ioii^^ifteg-rsfcfe<^^^¥®ia-cfcs„ ^.?*3 

q 

[0206] ia37A{id /2^d(D^l3:*5it6«^¥ffiia-e*>So ;ic:T'±^<Z)d___^o^aJ: 
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qk Qk max max 

.(?c/2)-(d -d )/d^-7c. (7t/2)-(d -d )/d^7ti:^«!)#^o^<^i^*.^(66 

qk Qk qk Qk 

)-C^$nSX " (f. X ) (OmnarglX " (f, T 2 7c a ^arg[X " (f, t )] 

Q . q 1 q 

2 1 2 

lEM^t^^W^X" (f, z ) (Dil^x " (f. r ) (Oii:^ds-i6c-rSRrt^ti;6SfcO. tili&L 

max 

max 

[0207] gl37Bt4d /2<d<d Oi^'a-l-*5lt^1g^¥®ia'Cfc^o -t^^-^", < ( 

niax max 

7c/2)-(d -d )/d<-7c/2, 7u/2<(7c/2)-(d -d )/d< tc tfifeO#5„ •?:<?2^^. 

qk Qk qk Qk 

^ (66) X-^$ttSX " (f. t )<^<i^arg[X " (f. t j3 .^argCX " (f. r )]^ 

q Q I q 

1 2 

<arg[X " (f. t )]<-jr/2S.t;^7c/2<arg[X^" (f. r )]< tc ©^ffl^C*3V^-C. H^jiS 
//V-t.jEj^'fb-^i^h/VX" (f. r ) (DMmWZ.^\-^^'^-n(Om<Omim.n\\ ^ttbO 

m&x 

[0208] |2l38A{id=d 0^tc:i3lt6lS^¥aiaT*fc«9. 038Bf*d>d O^ldiS 

max 

tt-5«^¥fill|-C-fcSo ---ed>d^<Z)^. -7t/2< (7l/2) • (d, "V^^^^' °^ 
(^/2)-(d -d )/d<7c/2i:fiK9#So^<Oigm.^(66)-C^$ii^X " (f.T)<Z)iS 

qk Qk . 

:^arg[X " (f. T )]lis ia38BtC^i-<t5l-^ V ^^^^[^ ^ )]^ y ^(-7c/2< v , 
<0 0<Y <7c/2)0^ffli-:^*-r^o^b-C.d*5;^#<J^.e4xtf?'£6{5t*^<^^^ 

2 _ 

[0209] d=d X-feSm-g-. - 7c /2^ ( 71 /2) • (d -d ) /d< 0. 0< ( /2) • (d^ 

max ^ 

-d )/d^':7c/2tfiK9#<5„^«)i^*.^(66)-C^^*T^X" (f. t )0^^arg[X " (f 
r )]«ia38A{C^-f-i9{--^/2^arg[X " (f. t )]^ 7c/2<D«5B8lC^*f So 
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t t^xt^ ( m t^^kiEm^t^ 2121- /ji-j>^iEmim2 1 22(Dfi}M<D mm:i(o^m^ 

[0210] l^yy^'$'T^i^U2123(Dfii:m<Dm^ (P^.7^5/^S204<D|^*ffl) ] 

Wi^(DX0\^^^:^^V^'^^M2123\t. ;<^V2100<DmM^i^2104t)>hy/^^J>^lEm 

o Z.(0^yy^9^yyif\i^. mfUit. (X" (f, T ) ec )t^i5'7;^i5'Oir 

k k 

[0211] [#L56] 

Uk=Ix"(f.r)ecJ|X"(f.T)-Tlkf 

[0212] [iC57] 

i:x-(f.r).c. X"(f,t)/|C,| 

= 



i^mmw^^^2i24<Dmm(DmM (^X5':/S205(o^*ia) ] 

[0213] *-f . $!j^ag|S2 140 (1332) {il*3VN-C. ±X<Dy<y>^—^i<iik=l N)XU^I^r^ 
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7^8231)0 5)^SIfa^^«2124(ia32. |g33)^^:*3V^X. 

k 

<?5p«:^/^ (y/VAjE^'fk'^^ WVX" (f. T )) Srttmb. ;iti,b«:-NFP<^y2141(^t&^ 
«(;=^7^5'^S232)„ ji^mm^^^U2\2A\t. ;^7^S/:/S232-C-Nf^^y2 

l4l^c*&jfft^i^fc#y/^i^iE^'^t:^25'W^x" (f. t )Sr#fl8U. 

j^JS^(f, T )<^=&}IS-^fi^'<:J^H>'l'X(f, T )S:p«^y2100<D|Blft'^3^21O2;6^b^^ 

iii;^. ::tLe>^-Nf<?<^y2i4ilc*&iN»i-r^(:=^x5/7'S233)o ^i-. ^iim-^^^SiJ 

2124(i. ^^y2100<Z)iBtiffii^2105d^bSWQ' ^i^^ii^x -^p<^y2141 

)^ttm-rS(^Nr^^JS^(f. r ) 1-oVnt:)o ^^T. :5>il{t^^^ia52124«. 
mmVkMm\. (f. ^ )^:5>lllffi-^-<i5^b^^Y(f. r ) <Dk# S (^>^^Y^(f. T ) i:b-C^^ 

y2lOOOS5lt^^2l07(DiitS:Hfr-r5(^7^y:^S234)o -rJ^ii^^^ ^CD«fiJ(05>llt . 

(i#^fi£Si521 24(i. 



^fclC. ^m$I52140^C^8V^T. -I^P<^y2141{vl*&^$tl.fc/'«7^-i5'kdSk=N^Sr 

^fc-r/!»^3!)^2|9j^-r'5(;^7^5'ys235)„ ;i::-ek=NT'?ieftn(i. ©miH52i40fi 

. k+l<^)ia^i^*^m^i^-«7P'-i5'k<7)flti:b. ^tl^-NFP<^y2141tC*&i^ 

xy^8236) . ^S$r;=^X5/^8232--Mi-o k=N-C*>nii> ©J^filla52140« 

y^xy >^S205<?5*aS*i^T$^S ( [:J>«I^S^^^^2 1 24(^«i;S(D|¥^] 

[0215] <*a3^;*> 



[0214] [^58] 




Y (f.T)^ttmi-6„ 
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iitc^ :L(DM^^W:^M39B<D^{:L^iro :i<D^-Cf4^ SIR(signal-to-interference ra 

OA (Previous) -4^]^m(lEm.iti^^^^'^:^^Vy^) tCi^i^llCNorniaUzed obse 
r. vector (Proposed) ]^*bXV^-&o Cl<^*§;S:<t«?> 2^<D±>^<Dm^. ^m%(Ois 

[0216] 2o a (^lll^fi. ;f ^ijnfc-fe^f-BEei-J:5't>»T'fe«>„ ^l^^fr HI2140AIj:^ 

Jt^:J)-iiii^^7^AtcJ^^fco <t-^Mo^tt4o-efoi!). m^<D^m(D^^^^\^- 
n<>tcm^hmmm4iB<Dmi^^'rx^fm\'^^Mikm^n^^ti>>x^it. 

[0217] <mQ<^MM(Dj^M<D!^1^> 

(1) mi^iB^-^^w^t>ibMhti^mm^-r-<xm\^ ^xi^yTs^^y-^^^otL^ . ^ 
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) (D^^mx (f. T ) (DMf^^. ^(61) (D^Wi^^oXlEmit-t^^ttl.tio l^^^'U 

^h;vx (f. T ) <D^^^x (f. T ) (DiS^n <^jE^'fb-r5«*^-cfeo-t'biv ^ 

Q 

[0218] [^59] 

Xq'"(f ,t) H Xq(f ,r) I exp{j ■ (arg[X,(f ,t) • XQ*(f 
Xq'"(f,T)HXq(f,r)rexp{j-(arg[Xq(f,T)]-arg[XQ(f,T)])} 

Xq"'(f ,t) H Xq(f ,r) I exp{j • <f.(argpCq(f ,T)/XQ(f .t)])> 

^tc^m&wiiJEmtU2i2u>^i6o)(Di^t)m^. 

[0219] [| 



arg[Xq(f,t)/XQ(f,i:)] 

W = ^ 4fc-M 

^ ^ arg[X,(f,r) XQ*(f,t)l 

^^^''^^^'^ ii^M " 

arg[Xq(f,T)]-arg[XQ(f,r)] 

</'(arg[X„(f,T)/XQ(f,T)]) 

w>=^ — 

P =l)o 
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cos0=|X'"(f.T)-7, |/(||X'(f.r)||-|| 7, II) 

k * 

/^^tib^f^i-M&X^^^o =Ii^-r>'ra?rj5v^5#^. i^7;^i5'y:/i/|fB2123fi. 
[0220] Ml] 



U| = Zx.-(f .r).c, Xp«(f.x)-Tli|/|Xp'(f,r)|l-W) 



[0221] *fc.5>il^t.^^«2124^C*3V^T. 
[0222] [^62] 



Yk(f.T) = ^ 



XQ.(f,T) X"(f,T)eCk 
0 otherwise 



[0223] [^63] 



Mi,(f,T) = - 



1 X"(f,T)eCk 
0 otherwise 



Y^(f,r)=M^(f,t)X^.(f.t) 
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E. Grochiere, L. R. Rabiner, "Multirate Digital Signal Processing." Eaglewood Cliffs, 
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D— RAM (Random Access Memory)^ CD— RC)M (Compact Disc Read Only Memo 
ry). CD-R(Recordable)/RW (Rewritable) %M~%W^^W^h\^X MO(M 
agneto-Optical disc) ^?r. ^M.^:^^^) t LXEEP - ROM (Electronically Erasable 
and Progr£immable-Read Only Memory) ^%:^\^^^tii^X^^o 

[0225] :i<D:/v2^^j^<Dmm\^. 0y;t{i. ^(Dy^^yJ^^^m^l^ftDVD, CD-R 
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mim2\z.um<om^^^mx^^x. 



wo 2006/085537 . PCT/JP2006/302092 

83 

[5] m^^4Bm(Dm^-^mmu-ch^x. 

mmmm-<^w^A io (p= i n. Nimmm^m(Dm <D^mmA if) (q= 

[ic64] • ■ 



Aqp'(f)=|Aqp(f)|exp 



. arg[Aqp(f)/AQp(f)] 
' 4fc-M 



[8] lt*Jg7|Bmofi-^:9-8fl^S-e*>oT. 

Qp 

[9] m^^4msi(om^^Mmm.x:&^x^ 
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[12] m^mi\^^^<^iB^^mmmx»>ox . 

■ HI-. mmm&wcmi^(om-^m'^tmBmm-<^h/\^t^m\^^xmmmi^^'^^ 
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[13], . »^]Si2{;i|2«om>^lligg-efcoT, 

t 

R(f)=<X(f, T ) -XCf. T )"> ^Lfc^f;i*3lj-5V(f)=R(0 ''^'^fo«9> 

z(f. T )=v(f) -xCf. T )<^i^iL{-J;f9. MIBefe^kiii-g'fi#-<i5^wi'Z(f. t 
S^-fbSJic-^^h/wB (f) ^»mu. 

0 (f, r )=cos-'(|B"(f) -Z/f. T )!/ II B(f) II • || Z(f, r ) II )(D^%\^i.'0. WIB^ft^ 

0(f,z)tr#mu 

o.g, 0 Sr^|^tbfc^l-*5Jt'5oi^^X^5/i5^M^M(0 (f,T)) = a/(lV' 

T 

[15] it*«l2tc|a^(D{S^:9-lil^E-efcoT, 
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(D g ^Ds (f. z ) ^^m-rs s ^sgii# wia5i. 
MiEggiKo i ^Ds(f, T ) ^mmtir^mm^m\^^fcm^mm^wc-^^^^^^ 

[16] 1*^^11 (i:|B«<Dffi-^5>il^S-C'fco-C. 

[17] mM^iGmM(Dm-^^M^ux'h^x. 
[18] ft*j®i7ie^(^fi-^:»'ii^«-efeox. . 

tillBSjS^i^h/V'A (f) (p(t g ^WO (D^M^A (f) (q= 1 M. M\-mW.m>^ 

p QP 
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_ .arg[Aqp(f)/AQp(f)] 
A^'(f ) =1 A^(f) I exp| J '^^^^-i^ ^ 

[19] m^^ismm(om^^mmmx-h'ox. 
[20] m^miwM(om^-^fsmuxhox. 

[21] m^mu^mm(Dm^'^mmmxh'ox^ 

mfm^m^tvxmm-^o 
mi-^m^^fmmxh-:>x. 

•[23] »*^22i^iam©fi^^ii^m-efeoT, 
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[24] if^«23|fi«om-^:5^||liSe-e*>oT. 
[25] . f»*^24|S«©m-^^lll^»-C:feoT. 

,z)tu e^p^k^ifrmtu arsi'i^M-^tu j^^m^iiLtu c^m^<D^mm 

[fc66] 



X •(f,T)HX„(f.r)lexp 



. arg[X,(f.r)/XQ(f,r)] 
4fc"M 



[26] i»^Jg25|Bm<^{t-^:^III^St-feoT. 

Q ™ 

[27] m^^22\zMML(om^i/^^m.xh'?x. 
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S3 



I 
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